The effect of angle on wall shear stresses in a LIMA to LAD anastomosis: numerical modelling of pulsatile flow.
The purpose of this study was to examine the effect of anastomotic angle on the flow patterns and wall shear distributions at the distal anastomosis of a left interior mammary artery (LIMA) graft to the left anterior descending artery (LDA). It is now well recognized that abnormal wall shear stress distributions along the anastomotic bed, around the toe, and around the heel can contribute to the focal development of intimal hyperplasia. However, the exact nature of the interaction between the dominant pulsing flow and the anastomotic angle on wall shear stresses has not been fully investigated numerically. In this study a commercial CFD package was used for three-dimensional flow analysis where the pulsatile waveforms and flowrates used as the boundary conditions are representative of an anastomosed left internal mammary artery and a stenosed left anterior descending coronary artery (intermediate, <70 per cent diameter narrowing). The flow patterns and distributions of time-averaged wall shear stress (TAWSS) and the oscillatory shear index (OSI) for three anastomotic angles of 20, 40, and 60 degrees were evaluated and compared with other published data. The findings indicated that transient, highly disturbed flow patterns occurred in localized regions of the proximal and distal native segments and in the anastomotic domain including recirculation zones, moving points of stagnation, and oscillating wall shear stresses mainly on the bed, at the toe, and at the heel. Moreover, higher anastomotic angles resulted in more extreme variations in TAWSS and OSI values, particularly around the toe and along the bed. In addition, the effect of anastomotic angle on OSI values at the heel followed the same pattern whereas the TAWSS values along the graft at the heel showed a significant increase at the lowest anastomotic angle of 20 degrees.